The surface properties of hybrid materials (potential carriers for sustained release of active agents) have been examined by inverse gas chromatography (IGC). A nonsteroidal anti- χ (the magnitude of interactions). Principal component analysis (PCA) and the procedure based on sum of ranking differences (SRD) were applied for selection of hybrid materials and parameters for characterization of these materials. One loose cluster found by PCA grouping of hybrid materials is refined by SRD analysis: SRD grouping indicates three groups having somewhat dissimilar properties.
INTRODUCTION
Hybrid materials are formed by the combination of polymers and inorganic solids on the molecular scale. The structure and properties that can be obtained for hybrid materials depend on the chemical nature of their chemical components. The character of these components and interactions between the organic and inorganic part have been used to categorize these hybrid materials into two classes. Class I contains materials with week chemical bonding such as hydrogen bonding, van der Waals contacts or electrostatic forces. Class II corresponds to strong chemical interactions between components like covalent or ionic-covalent bonds. 1, 2 The most important advantage of hybrid material is connecting of dissimilar properties of individual components leading to new properties not accessible otherwise that make them suitable for a wide range of medical application. There is a definite need to use hybrid materials as carriers in the pharmaceutical dosage forms and in the future implementation to the pharmacy. They are widely used for bone tissue engineering that fulfill the clinical demands. 3 The properties such as biocompatibility and biodegradability open new prospects for these materials with special incidence to sustained release of drugs. 4 Creating hybrid materials for use in sustained release formulations of active agent is the primary direction of research to develop new dosage forms. Selection criterion depends on the interaction between their individual components and its physicochemical properties.
In the last few years the biomedical research has shown growing interest towards bioceramics.
Inorganic material can act as a matrix and it is able to host organic molecules, such as drugs.
There are some weak interaction between the host inorganic matrix and the guest drug (the organic component). 5, 6 Among bioceramics, silica is popular due to their capability to host different molecules. Fumed silica has small particle size and large surface area. Three chemical groups are present on the surface of fumed silica: isolated hydroxyl, hydrogenbonded hydroxyl and siloxane groups. Generally, the surface is hydrophilic, while the siloxane groups are hydrophobic. 7 Biodegradable polymers are frequently applied as organic materials due to the fact that products of their metabolic processes are completely removable and non-toxic. 8 Many experiments including physicochemical tests should be carried out to implement a new hybrid material as excipient to pharmaceutical use. Inverse gas chromatography (IGC) will be particularly useful in this case. This is a new application for the investigation of physicochemical properties of materials as drug carriers. This method can be helpful in understanding the changes in hybrid materials by various pharmaceutical processes. 9 The examined material is placed in the chromatographic column. The test solutes are injected into the flow of carrier gas and transported over the surface of the examined material. The retention times of test solutes results from the interactions between solute and stationary phase (examined material). These retention data are further applied to estimate the properties of material of interest.
The retention times can be used for the determination surface activity by determination of
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γ , the dispersive component of the free surface energy; the acidity and basicity of the surface (K A and K D parameters) and ' 23 χ Flory-Huggins interaction parameters expressing the strength of interactions between the constituents of the hybrid material. 10, 11 The reversed-flow gas chromatography (RFGC) is a version of IGC and RFGC has been successfully applied (i) for the measurement of the dispersive component of surface free energy, (ii) for the determination of Flory-Huggins interaction parameters and (iii) for that of solubility parameters in polymer-solvent systems.
12,13
The aim of this study was the characterization of hybrid materials by inverse gas chromatography and application chemometrics to select one group of materials, which could be used as drug carrier. Table   1 .
IGC experiments
IGC measurements were carried out with the use of IGC SMS Ltd. gas chromatograph equipped with a thermal conductivity detector (TCD) and a flame-ionization detector (FID). V is specific retention volume and R is the gas constant.
It is also possible to quantify the magnitude of interaction between constituents of complex material was expressed using Flory-Huggins parameter ' 23 χ : 20, 21 ) (  1   1  3  13  2  12  3  2 ' 23 
Principal Component Analysis, PCA
Supposing that there exists some latent structure in the input data matrix, its dimensions were reduced using principal component analysis as given elsewhere. [22] [23] [24] The principal components are calculated such that they should be uncorrelated and should account for the total variance of original variables. The first principal component should account for a maximum of the total variance; the second principal component should be uncorrelated with the first one and should account for a maximum of the residual variance, and so on until the total variance is accounted for. Usually, it is sufficient to retain only a few components accounting for a large percentage of the total variance. PCA will show, which hybrid materials and which test solutes are similar, i.e. carry comparable information and which one is unique. [24] [25] PCA is particularly useful for pattern recognition of IGC data and show similarities and differences between them. PCA give information which objects or variables are unique.
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Sum of ranking differences (SRD)
Sum of ranking differences based on comparison of absolute differences in rank numbers. In Much higher expectations can be associated with Flory-Huggins parameter ' 23 χ .
The magnitude of Flory-Huggins parameter between the components of hybrid material will probably depend on their chemical structure of polymeric component and amount of both, organic and inorganic part in the system. However, the analysis (evaluation) of relationship between ' 23 χ value on the type of test solute used in IGC experiment is a hard task. This is well known problem in IGC literature. 21, 28, 29 Values of Flory-Huggins interaction parameter for hybrid materials are collected in Table 2 .
Plot of eigenvalues clearly demonstrates that three principal components (PCs) satisfactorily describe the variability of values of Flory-Huggins parameters (Figure 2 ). Three principal components explained more than 93% of total variance in the data. Solely the first and second principal components explained more than 80% of total variance in data. Please do note, that
PCs values are different from that presented in Figure 1 . These earlier were calculated for experimental data collected in Table 1 , i.e. for surface parameters determined by means of IGC. PCs presented in Figures 2, 3 and 4 were derived for Flory-Huggins parameter from Table 2 .
Results presented in Figure 3 suggest the possibility for elimination of some test solutes.
Values of Flory-Huggins parameter for C 6 , C 7 , C 8 , C 9 show high similarities as well as Maybe these distinguished individuals will be better carriers for active agent release. Better carrier means here such one, for which ibuprofen release remains on the effective level for a longer time. Other hybrid materials are characterized by close values of ' 23 χ what indicates similar interaction levels between the constituents. In such a case the type and amount of polymers do not significantly influence the properties, here -the ability to drug release.
Sum of Ranking Differences
The average the value of Flory-Higgins parameters (row average) has been used as benchmark for ranking. Three main groups can be observed -hybrid materials: cluster 1: B3, B4, B5, B6, B7; cluster 2: A2, A4, B8 and cluster 3: M2, M3, A3 ( Figure 5 ).
The hybrid material most similar to the average of all hybrid materials is denoted by B4 and the most dissimilar one is denoted by M2. B2 rather differs individually. The SRD ranking
indicates that B4 should be chosen as a good candidate to replace all the other hybrid materials. If a most "dissimilar" hybrid material is to be selected, than M2 is the best choice.
Selection of M2 does not necessarily mean that e.g., this hybrid material has the highest magnitude of interactions between constituents of materials, but the results will be most 
